The "super-active surveillance" era {#S0001}
===================================

In the last decade, we have witnessed a growing interest in ablative techniques to treat solid tumors. Due to the development of prostate imaging with multiparametric magnetic resonance imaging (mp-MRI), physicians are able to visualize, characterize, and target prostate lesions for biopsy and ablation.

This led to the possibility of targeting suspicious lesions and plan partial/focal gland treatment in response to the concern regarding overtreatment of patients with low-risk prostate cancer. Classical treatments such as radiotherapy (RT) and radical prostatectomy (RP) put men at risk of erectile dysfunction (ED), urinary incontinence (UI), and long-term bowel dysfunction. In this regard, different ablative modalities can be used to treat prostate cancer with the intention to decrease the treatment-related adverse effects with similar oncological outcomes compared to established treatment options.[@CIT0001],[@CIT0002]

While current guidelines support active surveillance (AS) as the best treatment option for low-risk prostate cancer,[@CIT0003],[@CIT0004] it does not always remain indolent and up to 60% of the patients will undergo radical treatment within 5--10 years.[@CIT0005]--[@CIT0009] A primary concern is the underestimation of cancer grade that could compromise long-term cancer control,[@CIT0010] which drives many physicians to recommend more aggressive interventions. Moreover, some of these patients are not comfortable with AS and want to be more active in their surveillance. For these patients, focal ablation is an option to make surveillance "super-active", and despite adding morbidity to surveillance, it may fill the gap between surveillance and radical definitive treatment, a halfway between hypothetical undertreatment and overtreatment.[@CIT0010],[@CIT0011]

Vascular targeted therapy (VTP) is one type of these treatment modalities that are expanding its importance in prostate cancer treatment in the era of the index lesion concept[@CIT0002] and the first ablation therapy that significantly reduced the subsequent finding of higher grade cancer on biopsy in a multicenter, randomized, controlled Phase III trial.[@CIT0012],[@CIT0013] Consequently, fewer cases were converted to radical therapy, a clinically meaningful benefit that lowered treatment-related morbidity, supporting the "super-active surveillance" concept.

Technical aspects {#S0002}
=================

Cytotoxic ROS are well known to cause tissue damage and can be used to destroy tumor cells. Differently of classic photodynamic therapy, in which ROS formation occurs after light activation of a photosensitizer selectively accumulated in the tumor cells, VTP targets tumor vasculature, using the photosensitizing agent WST11 ([Figure 1](#F0001){ref-type="fig"}), which stays in the circulation, an effective strategy to efficiently deliver photodynamic therapy to tumor tissue.[@CIT0014],[@CIT0015]Figure 1The cytotoxic ROS formation occurs after the light activation of a nontoxic photosensitizer (WST11) accumulated in the tumor vasculature. WST11 activation by E (energy source), into ROS, resulting in cellular death and vessel damage.

In association with a low-power near-infrared laser light in the presence of oxygen, the photosensitizer absorbs light and creates ROS that induces vascular endothelium damage and vascular occlusion, leading to tumor necrosis.[@CIT0016]--[@CIT0020]

General anesthesia is mandatory since any movement can lead to the need for the complete reinstallation of all transperineal fiber insertion catheters (FICs). After draining the urine, the Foley catheter is clamped to keep the bladder full for a better visualization of prostate limits by transrectal ultrasound. Using dedicated software, ultrasound prostate images are acquired; the pictures are saved and transferred to the software. Then, the urologist has to delineate the prostate limits and to launch the software in order to produce the treatment guidance.[@CIT0021]

Transparent FICs are transperineally inserted from right to left and anterior to posterior. Before insertion, fibers have to be calibrated and locked. The optical fibers diffusing lengths (10--50 mm) are chosen according to the sagittal length of the prostate minus 5-mm safety distance from the apex, margin to the urethra, rectal wall, sphincter, and capsule. Each fiber must be positioned in the FIC bottom in order to have the illuminating diffusor perfectly positioned into the prostate.

The patient is protected from light exposure by turning off the light, and then WST11 is infused intravenously (4 mg/kg) through an opaque syringe. The activation of VTP is achieved by continuous illumination of the prostate through the optical fibers with 753-nm laser light at a power of 150 mW/cm and light energy of 200 J/cm. The illumination starts immediately after the drug injection for 22 mins and 15 s to coincide with the peak serum concentration. The total duration of the whole procedure is around 2 hrs.[@CIT0017],[@CIT0018]

After the procedure, the patient is kept under medical surveillance for at least 6 hrs under dimmed light, avoiding sunlight for 48 hrs. The Foley catheter can be removed 4 hrs after the procedure and alpha-blocker is prescribed for 1 month to avoid/minimize lower urinary tract symptoms. Best results are achieved when used for prostates between 25 and 75 cc, and some absolute contraindications are acute urinary retention in the last 6 months, prior prostate disease and manipulation, and history of urethral stricture disease.[@CIT0021]

Histopathological aspects {#S0003}
=========================

Histological modifications was observed in 27/56 (48%) of prostate biopsy of patients with localized WHO GG1 (Gleason 3+3 prostate cancer)

adenocarcinoma 6 months after VTP (in the nontreated lobe in 10 cases). When there was cancer in the treated lobe, it was always located outside the scar or the area of necrosis. These areas, replacing prostatic muscle and glands consisted of fibrosis and rare atrophic glands without any atypia.[@CIT0019]

Functional aspects {#S0004}
==================

Functional outcomes and adverse effects are important endpoints in prostate cancer treatment evaluation. Since it minimizes the tissue damage in the lesion surroundings, VTP is expected to reduce morbidity compared to radical therapies.

In three Phase II studies that assessed 6-month effects of VTP in patients with localized prostate cancer, there was a small improvement of International Prostate Symptoms Score (IPSS) and on the other hand, a slight deterioration in International Index of Erectile Function (IIEF-5).[@CIT0022]

In this regard, a European study that included 68 patients treated with VTP followed for 3.5 years showed a rate of 16.2% of ED 6 months after treatment, which decreased to 15.8%, 5.4%, and 0% after 12, 18, and 36 months, respectively. In a French study with 82 patients followed for a median of 68 months, a total of 18 complaints of ED (22%) with a mean 3-point decrease in IIEF-5 score 6 months after the procedure were reported.[@CIT0023],[@CIT0024]

These outcomes were also studied in a Phase III clinical trial comparing VTP to AS. The authors showed that VTP treatment increased the frequency of adverse events from 1 in 10 in men on AS to 1 in 3 men treated with VTP. Most of the events were self-limited and resolved quickly without a sequel. Regarding functional outcomes, the trial showed that patients treated with VTP underwent transient deterioration of urinary and erectile function based on IIEF-5 and IPSS assessments, but after 24 months, the results were similar between groups.[@CIT0012]

Oncological aspects {#S0005}
===================

Noweski et al reported the oncological outcomes of low-risk patients treated with VTP, based on the medium-term follow-up of two prospective, multicenter, open-label, nonrandomized Phase II studies. Among 125 patients included in these 2 studies, 68 were treated under optimal conditions and 75% of these remained cancer-free after focal ablation.[@CIT0021],[@CIT0023]

In the first open-label Phase III, randomized controlled trial done in 47 European university centers and community hospitals, VTP therapy was compared to AS. The trial showed that the median time to progression from low-to-moderate or high-risk PCa was longer in the VTP group than in AS group (28.3 vs 14.1 months; *p*\<0.0001). As expected, the proportion of patients with a negative biopsy at month 24 was higher in the VTP group, and fewer patients were submitted to radical therapy when compared with AS (6% an 29%, respectively; *p*\<0.0001). Similar outcomes were found in Gill et al study that reported a longer follow-up; the reasons for conversion were an increase in Gleason grade or cancer volume, PSA failure, and patient choice.[@CIT0012],[@CIT0013]

A multicentric study including low-volume secondary Gleason pattern 4 published in 2018 explored the proportion of patients with localized prostate cancer that would become safely biopsy negative 12 months after VPT. In the intention-to-treat population (n=81), the proportion of patients with negative biopsies at month 12 was 74% with a slight improvement in urinary function and limited deterioration in sexual function.[@CIT0011]

Psychological aspects {#S0006}
=====================

Our team recently published a study in which focal cryoablation (FC), brachytherapy (B), and AS were offered to patients diagnosed with very-low-risk prostate cancer (VLRPC) in an equal-access protocol. Along with erectile and voiding symptoms, psychological aspects were evaluated by validated questionnaires. Thirty patients were included with a median follow-up of 18 months. Results showed that patients that have chosen AS were older and presented higher hopelessness and lower healthy perceptions than the patients opting for FC and B, which may indicate that age, hope, and health perceptions may determine the choice of a more active treatment.

As shown by Reis and Carter, the psychological burden in terms of anxiety over the uncertainty, or fear of losing the opportunity for a cure (which are directly related to health perception and care), leads to up to 18% of patients at AS to be overtreated with no evidence of disease progression.[@CIT0010],[@CIT0025]

How it compares to other ablation energies {#S0007}
==========================================

Different types of energies have been utilized in prostate focal ablation in a heterogeneous group of patients, and a large number of studies have assessed the oncological and functional outcomes of different ablative energies in the PCa treatment.

The high focused ultrasound (HIFU) can be guided by magnetic resonance imaging (MRI) or

trans-rectal ultrasound (TRUS). With this technique, a high-intensity beam is created by the generation of focusing ultrasound waves from a high-power spherical transducer. This beam ablates tissue through hyperthermia (temperatures between 60°C and 90°C must be achieved) and cavitation, causing coagulative necrosis.[@CIT0026]

A HIFU systematic review carried by Golan et al included 11 studies and showed a large range outcome of ED and UI, due to its variety of definitions and follow-up in each study. Regarding the follow-up biopsies, 8% were reported to have significant cancer.[@CIT0027]

A matched pair analysis of 110 men with unilateral (pT2a-b) disease compared robotic RP to HIFU hemi ablation, showing faster return to continence (with comparable rates after 2 years) and better outcomes regarding ED in patients who underwent prostate ablation. The need for secondary treatment was comparable in both groups.[@CIT0028]

Cryotherapy is another technique used in cancer treatment that ablates the targeted tissue through denaturation of cellular proteins, intracellular dehydration, and metabolic failure. The delayed vascular injury is the main mechanism of cell death, added to the immediate cellular damage. The target tissue is submitted to two freeze and thaw cycles by an ultrasound-guided system and 17-gauge cryoneedles, thermocouples of argon, and helium inlets. During these cycles, a transurethral warming device is used to prevent urethral damage and the rectal temperature is monitored to avoid damage.[@CIT0029] Published in 2013, a review compared 5 studies that included a varying range of patients, with low-, intermediate-, and high-risk cancer. The authors reported maintained erectile function in 58.1--90% of the patients and UI occurred in 0--3.6% of the patients. Among the studies included in this review, one with data from 1,160 patients from the COLD (Cryo On-Line Database) registry assessed the oncological outcomes in 14% of the patients. The biopsy was made in these patients because of a rise in PSA and showed a 26% of prostate cancer, with a mean WHO GG1 (Gleason 3+3) prostate cancer. Patients presented a pad-free continence rate of 98.4% and spontaneous erections in 58.1% of cases.[@CIT0029],[@CIT0030]

Although long-term data on outcomes are still needed about irreversible electroporation, it is a promising treatment. There are no strong data supporting this technique in treating prostate cancer. It is applied under TRUS guidance with up to six needle-like electrode probes placed parallel at a fixed distance using a brachygrip placed to the perineum.[@CIT0031] In the few studies available in the literature, reported functional outcomes are excellent with about the total amount of treated patients without adverse effects such as UI and ED. However, the oncological outcomes are still immature to support this technique as an option in the PCa treatment, and long-term data are still needed.[@CIT0032],[@CIT0033]

[Table 1](#T0001){ref-type="table"} compares ablation techniques based on literature review.[@CIT0012],[@CIT0023],[@CIT0034]--[@CIT0038] Comparing these different ablative techniques is not an easy task because of the lack of high-quality studies in the literature. Results must be analyzed carefully since most of them are retrospective with variable follow-up and not standardized for methods of patient's selection, oncological, and functional outcome assessments.Table 1Ablation technique comparison based on literature review.[@CIT0012],[@CIT0023],[@CIT0034]--[@CIT0038]TechniqueMechanismTumor accessNegative biopsy after treatmentUrinary continence after treatmentErectile dysfunction after treatment**VTP**Tissue damage induced by ROS as result of photosensitizing (WST11) activation by near-infrared laser light.TRUS/transperineally/fusion or cognitive MRI74--86%90%16--25%**HIFU**Hyperthermia and coagulation necrosis induced by generation of focusing ultrasound waves.TRUS/fusion or cognitive MRI77--84%93--100%0--74%**Cryotherapy**Intracellular dehydration and metabolic failure induced by focus low temperatures.TRUS/transperineally/fusion or cognitive MRI83--100%95--100%0--46%**Electroporation**Permanently porous cell membrane induced by brief direct-current electrical pulse.TRUS/fusion or cognitive MRI94--98%80--100%19--74%[^1]

Although regarding functional and oncological outcomes all the ablative techniques seem to perform equally well, cryotherapy and HIFU are the most thoroughly studied, and VTP is, to date, the only one that has been evaluated in a multicenter randomized controlled phase III trial.[@CIT0012]

Future perspectives {#S0008}
===================

A few years ago, men with low-risk prostate cancer did not have different treatment options other than RT or RP. This scenario has been widely modified with the improvement of the AS protocols. However, part of these patients will not feel comfortable with surveillance, and despite definitive treatment bringing a low probability of adding years to life in a low-risk scenario, ablative treatment modalities may be an option with low side-effect profile and possibly lower cost in a broad perspective.

Part of the prostate can be spared from the treatment-related adverse effects with focal or hemi-gland ablation. Thus, these techniques rely on imaging exam ability to properly stage cancer. Prostate MRI has shown high sensitivity and negative predictive value to clinically significant prostate cancer diagnoses.[@CIT0002],[@CIT0010],[@CIT0039]

Advances in focal or hemi-gland ablative therapies walk together with the improvements of imaging modalities. The adoption of MRI into clinics made it possible to treat men with WHO GG1 (Gleason 3+3) by ablative treatment, and it is likely that men with well-characterized low volume secondary Gleason 4 will be also candidates in the near future.[@CIT0011]

Despite the promising results, there are still concerns whether current biopsy and imaging techniques can adequately localize the index cancer[@CIT0002] Furthermore, more data should be generated in terms of cancer treatment since VTP was not completely effective in eliminating cancer in the targeted lobe in a previous study.[@CIT0002],[@CIT0023]

Also, as the mechanism of VTP involves tumor tissue ablation by ROS generation, it is not expected to potentially lead to an increased incidence in genome-wide mutations in cancer cells and there is no rationale to support resistance to any targeted therapy after treatment. However, technical challenges and limitations of VTP therapy are mainly related to light penetration, sunshine toxicity, and light exposure during and soon after the procedure. While its applicability is well described in localized tumors, there is substantial potential to metastatic tumors treatment, though still underexplored. As more data accumulate to confirm the efficacy and safety of prostate ablation, the challenge shifts to proper patient selection.

Future trials should focus on the treatment of patients with Gleason 4 patterns. We then might have answers about if this therapy is only an option for patients who are uncomfortable with AS or if it is a way to postpone radical treatment and their adverse effects or even a successful therapy to eradicate low- and intermediate-risk PCa by "precise multifocal partial gland ablation".[@CIT0040]

Another important point to be assessed in future research is the treatment-related effects of the therapy in the tissues in terms of fibrosis and how it would impact future treatments. Does it harm the feasibility of future radical treatment? Is it possible to make nerve bundle preservation after ablation? The previous gland ablation can impact negatively in the functional outcomes of possible future therapies, and it is one of the main points to be discussed with patients.

Also, despite there is evidence that an index lesion dictates the tumor metastatic potential, one strong argument against focal therapy is PCa multifocality.[@CIT0041] There are concerns that nonindex lesions may harbor significant lesions and potentially originate metastasis.[@CIT0002] Future studies should also report on oncological and immunological outcomes on the untreated prostate lobe. Our team has pioneering explored the vaccine potential of PCa ablation, awarding 2018 American Urological Association best poster. The ablation immunology understanding is underway, and there is evidence that supports an immune system boost by partially ablating[@CIT0042] that warrants future investigations.

Take home message {#S0009}
=================

Supporting the \"super-active surveillance\" concept, prostate cancer focal ablation therapy has recently shown to significantly reduce the upgrading on subsequent biopsy, resulting in fewer cases converted to radical therapy, a clinically meaningful benefit that lowered treatment-related morbidity.
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[^1]: **Note:** Since there is no standardization among studies, results must be analyzed carefully.

    **Abbreviations:** TRUS, trans-rectal ultrasound; MRI, magnetic resonance imaging.
